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Awanilic Acid Process

Attached Is a copy of Laboratory 28's wrlte-iop of the projected
Semi-Works trials. You vUl note that they have gone back to the 5*5:1 &ole
ratio rather than the 3.5. Die reason for this Is some indication that less
arsenlous acid is formed *n**1ftc recycle vith this ratio. In addition/ it
vas ftlt that first trials should stick to the Whltaoyer conditions as closely
as possible. I believe that later vork will Investigate the 3-5:1 mole ratio.
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B£fifiR&£22M

TO; Mr. C. J. Prizer
t

JKQM: Dr. H. Raterlnk, Mr. S* Vise, and Mr. D. Hicodemus

SUBJECT: Arsaallie Acid _

Because of the vaste arsenic disposal problem existing in the current
Whltanoyer arsanilic acid process, Laboratory 28 has developed an Improved process
which allows recovery and reuse of most of the arsenic residues not converted
to arsanilic acid* The procedure has been demonstrated in several series
through k or 5 recycles. In addition, on a preliminary basis, the process
appears to have an economic advantage over the present procedure. The vork
has progressed to the point where demonstration on a larger scale is desirable
and an appropriation has been granted for this purpose . Herein is outlined
a tentative Semi-Works procedure which encorporates the best laboratory conditions
The number of recycles desired/ and perhaps other slight variations in operating
conditions, vlll be established as the vork in the laboratory and pilot plant
progresses. Any specific immediate data or changes In the procedure described
in this report which are desired for plant operation should be suggested as
soon as possible by the Development Engineering Group at Bristol or by others
concerned with this development.

Briefly, the process is as follows: (l) React arsenic acid with
excess •***+*• (5.5/1 mole ratio) at 160-165 C. for 2 hours; (2) Part of the
unreacted *wm*i» u stripped off under reduced pressure (30 am. Hg); (?)
Fart of tbe remaining aniline salt Is split with steam and the aniline
removed by distillation; (4) The resulting arsanilic acid solution is carbon-
treated; (5) The arsanilic acid is crystallized from the carbon-treated solution
by cooling and the resulting filter cake is water washed to remove Impurities;
(6) Mother liquor (filtrate) and wash water is concentrated to approximately
60# spllds under vacuum (90 Da. Hg) and the residue, containing both arsenic
and aniline (combined as salt), is recycled together with recovered aniline
to the succeeding run. .
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AAenlc conversion to arsanllic acid Is about 26% vhich Is equivalent
to the conversion obtained using the present process. In the latter case arsenic
residues are contaminated vith inorganic salts vhich makes recycle Impracticable.

I. Chemistry

141.93 235-06

II. Equlnnent

Because of the toxic nature of aniline and arsenic compounds, the
reactions vill be performed In the Semi-Works Toxic Area. The equipaent in this
area vlll be modified to simulate the proposed plant as nearly as possible as
shown in Tlgure 1.

A. Reactor
Unit 117, a 100-gallon, 316-stalaless steal kettle vith a condenser,

receiver, vacuum source, and separator pot are to be used for the reaction step.
At the completion of the reaction and vacuum stripping, as much hot water as
possible vlll be added to Unit 117 vith the remaining water of solution for the
arsanllic acid to be added continuously to the transfer line leading to the steam
stripper. The reactor effluent vlll be pumped continuously to the packed column
on Unit 116 for steam stripping.

B. Steam Strltrplng Unit
Unit 116, a 100 gallon, glass-lined kettle vith a 6-inch diameter

column packed vith 5 fett of 1/3-Inch Intallox saddles, a condenser, a cooled
receiver, aad s dip-pipe for part of the steam vlll be used for steam stripping.
A heat exchanger vlll be used for generating steam from the aqueous layer of
the anllia*»Wter azeotrope. Unit 116 itself vlll act as a 2 hour surge to
allov completion of the steam stripping.

C. Carbon-Treatment Unit
Two columns, each being 8 inches la diameter and 28 inches in length

and fabricated fron 316 stainless steel pipe, are to serve as carbon treating
units. Zach column vlll be packed vith 7.4 Ibs* of granular Suchar C-190
carbon (Density 9-17 Ibs./̂ t.3) Steam-stripped effluent from Unit 116 vlll be
pumped continuously through the columns Joined la series* It Is expected _tl
one batch of material from Unit 117 vill exhaust the initial
Subsequent attempted carbon regeneration is a batch operation.
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D. Crystallization and Tlltratlon Unit

An agitated vessel at 50°C. Is to receive the carbon-treated strean.
The container will be filled and the partially crystallized arsanillc acid
permitted to f low over Into a 50-gallon Alsop tank at 20 C. After a 2 hour
residence time, the arsanillc acid vill be separated from the mother liquor
in a filter box. The crystals are to be washed batchvise.

Z. Mother Llcuor Concentrator

Mother liquor fron the arsanllic acid vill be removed by vacuum to
double thickness polyethylene-lined drums and stored until Unit 117 is empty.
This material vill then be concentrated by normal vacuum distillation. The
bottoms are to be dropped out of the kettle Into double thickness polyethylene-
lined drums and stored until recycled.

III. Reaction Charge

The charge listed below are based on the production of 6$ Ibs.
(0.299 moles) of arsanillc acid per run starting with an initial run in
one case and a follow-up recycle In another. The following conditions are
assumed:

1.) A 5-5/1 aniline to arsenic mole ratio.

2.) 26$ conversion of arsenic to arsanillc acid.

3*) 2.5$ unrecoverable arsenic loss overall making the product
yield 90$ "based on fresh arsenic required to give the desired
mole ratio on recycle.

4.) Approximate 1.6$ aniline loss overall making the product
yield 75$ based on fresh aniline.

5.) The recovery of 288 Ibs. of recyclable arsenic concentrate
-v- which contains 60.6$ solids having a total arsenic analysis
£ of 21.4$ and 3*0$ nitrogen.

ARI00062
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A* Charge For Initial Run

Whitmover Arsenic Acid - 192. 3 Jb»., 85*, 17.86 Ibs. /gal., 1.152 ao^lsil Ibs!

Hhitmover Aniline - 590.0 Ibs.. 100*, 8.53 Ibs. /gal., 6.336 moles

Total Charge - 782.3 Ibs. - 80 gals, at 25°C.

B. Charge for 1st Reerele Run

Fresh Arsenic Acid - 5̂ .8 Ibs., 85*, - - - 0.328 molesi *§'f }*8'
- -- V O.

Arsenic Concentrate - 288.0 Ibs.
(11.71 Ibs./gal. at 25̂ C.)
(11.32 Ibs./gal. at 80°C.)

As - - - 0.854 moles)
'.0 Us. Acid

ifeO
3-0* K - 0.617 mole. ' 57'5 **' Anillne

Vet Recycle Aniline - 1*88.2 Ibs. 98.2* - 5,1̂ 8 moles
(composite)

*
Fresh Aniline -_ 53.2 Ibs. 100* - 0.571 moles

Total Charge 884.2 • 91 gals, at 25°C. 6.336 moles

Based on the procedure outlined, aniline In the vater layer collected during the
reaction step (.Ol£ moles), aniline in an assuned 200 Ib. vater-layer heel which
is believed necessary to promote good aniline separation during steam stripping
(0.79 moles), and aniline In the vater distillate resulting from the arsenic
concentration rtep (.019 mole) vould not be accountable In the system until the
2nd recycle nm. this is the reason the fresh aniline charge in the 1st recycle
charge appears higher than Is warranted by the anticipated 75* yield based
on aniline.
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IV. Procedure

A. Reaction Step

1. Inert Unit 117 ty evacuating and filling vlth nitrogen;
repeating several time*.

2. Punp the aniline charge Into the kettle a* rapidly as
possible.

3- Vlth full beat applied and the agitator on, raise
the batch temperature to 115*120 C.

4. Under total take-off conditions, pump the acid charge
into the reactor vlth the temperature at 115-JAo C.,
steam heat and 1/2 hour (0.36 gal./mln.) will probably .
be required. Note !•

5. After adding the acid, raise the batch temperature to
160-165 C, and maintain for 2 hours, ffote Table I for '
distillate removal.

6. Upon cospletlng the reaction period, remove distillate \
from the receiver, separating and weighing the vater (upper) ^̂
and aniline layers. Hold the. layers for further processing
(See Table I for approximate weights).

Table I - Pistillate Removal During Reaction

Initial RUB 1st Recycle Run
Ibs. Ibs. Ibs.

Hs>0 AnlllM feO Aniline
To 160°C. * JO 6.4 137.0 30.4

Dlstillata Soring 2 Hr. Hold 11.4 15*6 U.4 15.6
Total Distillate, Us. 63.4 193*1
Total Aniline Removed, Moles 0.24 0.537
Aniline/Arsenic Hole Ratio - PQ/,
After Reaction Period ?-«v*

layers contain 3*7$ aniline. Aniline layers contain 5$
ARIOOQ6U
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B. Jaeuutt Strip Step
7*. Cool the batch to 1̂ 0°C. and, vlth continued agitation, apply

gradual vacuum. When the pot temperature reaches 100°C.,
apply steam heat and remove aniline as rapidly as possible vith
the temperature at 95-100 C. Continue heating, reducing the
pressure, and removing aniline until the batch temperature
reaches 100 C. and the pressure reaches 30 mm of Hg. ffote 2.

8. When the batch reaches 100 C. at 30 mi*, discontinue heating and
raise the pressure to atmospheric vlth nitrogen.

9* Weigh aniline distillate and hold for further processing. Note
10. Place the system under total reflux and add 600 Ibs. of water

at 60-70°C. Vith continued, agitatlon,adjust the batch temperature
to 85-90°C. The adjusted batch amounts to about 967 Ibs. and is
equivalent to about 110 gallons (S.O. 1.065 at 90 C*)* Sotc k

C. Steam Stripping Step
11. Pump crude fron step 10 into the steam stripper at the rate of

10 gals./hr. Simultaneous to this, pump additional dilution
vater (60-90 C.) at the rate of 10 Ibs./hr. into the crude feed
prior to the steam stripper.

12. Adjust steam rate to the base of the steam stripping column
to approximately UO lis./hr. and 27 l£s./hr. to the dip pipe
in the stripped product receiver (Unit 116, Jlgure 1). Note 5.

13* Allov a heel to build-up for 2 hours in the stripped product
receiver before starting to pass stripped product through the
carbon'beds t Continue passing steam into the stripped product
receiver for 20 minutes or longer after completing the addition
of crude feed to the steam stripping column.

14. Separate and velgh the aniline layer (bottom) In the steam distillate
receiver. Anticipated aniline recovery is 113 Ibs. (100$ basis).
Aniline to arsenic mole ratio in the batch at this point is 0.9Vl»
Hote 6.

15. Cfirihlnp aniline recovered in Sections A, B, and C and hold for
recycle* The composite is about 98$ aniline and 2%

D. Carton Trea-teent Step
16. After a 2 hr. build-up of stripped crude in the stripped crude

receiver, start pumping steam stripped crude through the vater
• filled carbon columns (Colmn Temperature 85-90 C.) at the rate
of 10 gal./hr. Anticipated contact time Is approximately 3U minutes
in each column (Volume of each column 5-69 gal.). Anticipated
pumping time 11 hours. ITote 7.
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J**"-~ oIT. Pump 16 gallons of fresh (90 C.) water through the columns at
''.~ * 10 gals./hr. to remove the arsanilic acid after treatment of

stripped crude is complete.

I. Crystallization Step
18.

19* Allow treated effluent to build-up and overflew Into an Alsop
continuous crystallirer where it is finally cooled to 20°C.

20. Drav the resulting slurry off continuously and filter using a
filter box. The resulting vet cake weighs about 81 Ibs. (30$
solids) .

21. Wash the vet cake in the filter box vith 65 'Us. of city water
and repeat this procedure two additional times. Hold water
washes for recycle as make-up water in step 10.

22. Washed wet cake weighs about 81 Ibs., 30$ solids. Send an*
aloquote sample of wet cake to Laboratory 28 for drying. Hote 8.

F. Arsenic Residue Recovery Step .
2J. Concentrate mother liquor filtrate from step 20 (1015 Ibs.,

117 gal»«, S.G. 1.04 at 25°C.) at 90 mm until 727 Ibs. (87 gals.)
of distillate is removed.

24. The resulting residue should weigh 288 Ibs. and contain 60.6$
solids . Note 9.

G. Carbon Column Regeneration Step (Initial Run)
25. Pump 43 Ibs. (S.O. 0.908 at 25°C.) of dlmethylformamide into the

drained initial carbon column and allow to stand ?A hour at
95-100 C.

26. Drain the column and repeat.
27- 111 the column with hot water and allow to stand 20 minutes.

Drain and combine the effluents with the IMP solvent washes.
20. Finally fill the regenerated column with fresh water.

Straight-lead dlstill the solvent-water wash composite, removing
first the water, then the dlmethylformamlde. Final pot temperature
is 100 C. at 15 mm. This results in a slightly viscous, purple,
still -bottom, arsenic-containing residue that weighs about 5 Ibs.
Solvent recovery Is better than 88£< Note 10.

ARI00066



COMPANY CONFIDENTIAL

Mr. C. Frlttl̂ , ' ' .. -9- September 2U, 1965

Allov residual vater to flash oft under total take-off during addition.
In recycle runs, preeeed arsenic concentrate addition by the required fresh acid.
Add concentrate at about 0.31 gal./mln. Total acid-arsenic concentrate addition
time should be about iVa hours. ••

ffote g
Cooling the batch belov 95. C. results in a tendency for the batch to

solidify. Operating at a pot temperature higher than 100°C., particularly
after most of the excess aniline has been removed causes the batch to darken.
Reducing the aniline to arsenic mole ratio belov 2/1 causes the batch to thicken
and vlth continued removal causes precipitation.

ffote 3
Anticipated aniline distillate for the initial run is 356.6 Ibs. (l£ feO,

3*79 moles); for a recycle run 329 2b** (3*5 moles). The amount of aniline
removed in this step depends upon the amount of aniline removed In the reaction
stage. Total aniline removed to this point, Including all aniline resulting:
from the reaction step amounts to 375 2bs. (100$ basis). Aniline to arsenior-
mole ratio of the batch at this point is 2/1. I

Xote fc
Dilution water is made up of reaction vater and concentrator vater vhen

available. It might be advantageous to preheat this vater to about 60 C. before
addition. Concentrator vater can also be used as make-up vater to the vaporizer
during steam stripping*

On the initial run, feed fresh vater to the vaporizer until enough aniline
saturated vater layer is. formed (about 200 Ibs.) so it can be recycled. Steam
ratio to anticipated amount of aniline to be removed Is about 6-5/1 based on
recycle of aniline saturated vater layer to the vaporizer.

Kote 6 "• : :
On the iaitial run-about .079 moles of aniline vould remain In the anticipated

200 lis. rcmtaal vater layer. Vlth continued recycle, this loss vould becone
negligible
Rote 7 '• .

Crystallization of arsanlllc acid on the carbon is possible if the bed
temperature Is allowed to drop belov 80 C. Above 95 C* tip to 100 C. the bed
tends to percolate. -
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Wote 8
Typicaifrristol analysis of dry product la as follovs:
35- W As, 6.U6* 5| Theory 3̂ -51* As, 6.̂ 5* N.
Samples of dry material are also sent to Laboratory 12 for % arsenite and

ar senate. These analysis usually run veil belov 0.025 and 0.05 respectively,
which meets FDA. specifications.

Note 9
Concentrate assay vill vary slightly frcn run to run depending on the

degree of concentration, efficiency- of product removal froc mother liquor,
and how efficiently the aniline salt is steam split. The analysis usually
is as follows: % Arsenic 20-22, % nitrogen 2.9-3-1.

Note 10
The stlH-bottoB residue, along vith. eventual exhausted carbon frcn the%

carbon columns, would require appropriate disposal. It may be possible that*
on a larger scale the carbon columns vill not be regenerated satisfactorily '-
with the treatment prescribed and/or it may not be economical. These vere the
best conditions found for regeneration on a laboratory scale. <

V. Discussion————
In addition to the desired reaction between aniline and arsenic acid to

form arsanllic acid, there is seme tendency for an oxidation-reduction, by-
product reaction to occur. As a result of this, aniline dye and tarry by-
products form. At the same time pentavalent arsenic is reduced to the tri-
valent form. The latter form is inactive when recycled as part of the arsenic
residue and, therefore, tends to build-up vith continued recycle. This is not
the case vith the aniline by-products since these are removed by the carbon
treatment. The rate at which the by-product reaction occurs appears to be
influenced by reaction temperature and time, and amount of aniline la the charge.
Oxidation occurs most rapidly as the reaction temperature is raised above 165 C.
and/or as the aniline to arsenic mole ratio becoaes less than 3/1* The desired
arsaaille acid reaction proceeds until an approximate 25-30$ arsenic conversion
to arsftnl Ugjtcld occurs . This may be related to the fact that arsenic acid
dehydrate*. .(p*a elevated temperature* Oxidation, on the of**** hand, appears to
continue* Jrfasilio acid formation occurs at a reaction temperature of 150°C., but at
slower rat«tflbubled reaction time) than at 160-165 C. Unfortunately, the same
amount of oxidation by-products appear to form during the extended reaction time
as is formed at 160-165 C. vith a 2 hour reaction time.

A alight advantage as regards by-product formation appears possible using
a larger excess of aniline (up to a 5/1 mole ratio, aniline to arsenic). Also,
charging all reactants at a temperature belcv 150°C. and then heating to reaction
temperature appears to result in less by-product formation than is the case
when arsenic is added to aniline at reaction temperature* In one laboratory

ARI00068



•F *-t*i

COMPANY CONFIDENTIAL

Mr, C. Frit**- r -31- < September 24, 1965

recycle series following the latter method, arsenite -arsenic build-up rate was
about O.T&based on total arsenic charged. In this case, after completing five
recycles and assuming no correction for arsenlte -arsenic In recycle arsenic
concentrate, product yield dropped from 26 to 1?$. Conversions of tvo other
recycle series (5*5/1 and 5-5/1) currently underway In the laboratory, in which
the reaciants are charged below 150 C. and heated to 160-16*5 C*, continue above
25$ after three recycles . Analytical data concerning arsenite build-up Is
still pending.

Preliminary data Indicate that it Is possible to oxidize the arsenite in
a simulated arsenic concentrate by treating with hydrogen peroxide. The effect
of using treated concentrate In an arsenation has not as yet been tried.

Another by-product known to fora In the arsanillc reaction Is diamino-
diphenyl ar sonic acid (approx. 1.5$ based on total arsenic). In the Vhitmoyer
process this material is recovered during a fractional precipitation step by pH
adjustment. It is not Isolated In the Laboratory 28 process. Thin, layer
chromatography of the carbon used In decolorizing reaction product Indicates
the presence of DDAA; however, the amount of this material present appearŝ
much less than is indicated in tfoltanoyer's Isolation procedure. It Is possible
that this material may hytirolyze during the steam stripping step. Xxperfcients
are planned to shov if this possibility exists. *

The closeness of the densities of aniline and water (aniline being slightly
heavier at 25 °C.) results In a slightly sluggish l&yer separation. To further
complicate the situation, the layers Invert at 80-90 C. IB the proposed process,
It Is assumed that If steam distillate is allowed to condense and is collected
in a receiver at about 25 C., layer separation will be efficient enough, with a
200 Ib. water layer build-up, to recycle the top water layer to the vaporizer.
Aniline -saturated water layer has been satisfactorily recycled In the laboratory,
but no attempt has been made to do this on a continuous basic.

Solvent extraction has been successfully tried (batcbvise) to recover
aniline from saturated water layer. tfith three extractions, using 1 part benzene
to 13 parts water layer, 89$ of the residual aniline was recovered; aniline
content in the water layer being reduced from 3*7$ to < 0.2$.

An extensive Investigation with different types of carbon for the treatment
of crude •'Stripped reaction product baa not been* carried out. Of the tvo carbons
tried (ffMbir C-190, 30 mesh, tfeat Virginia Pulp and Paper Co.; Gal-Type, 30 mesh,
FlttsburflJ&pka'ud Chen.~Co.), Uuchar C-190 appeared to decolorize most efficiently
(6 Its. arsanillc produced/It. carbon) and Is cheaper (12. 5/ Xb.),

Arsanillc acid resulting from the Laboratory 28 process Is crystalline 'In
nature as compared to the powdery material isolated by Whitaoyer. Other than
for the manufacture of Carbarsone (cyanate derivative of arsanilic acid),
arsanillc acid Is dried before blending or packaging. It appears that the
drying process should be fairly mild (50 C. max. at 90 am.) . In most cases
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sample* were dried 8 hours In an 80°C. ovea at atmospheric
Arsenic and nitrogen assays for arsenic and nitrogen were slightly

higher thfta theory for arsanllle. Thin layer chrcmatography and vet chemical
analysis did not indicate Impurities other than trace amounts of arsenate and
arsenite. It is believed that under the drying conditions used partial
dehydration occurred. An attempt vill be made to determine if this is the case.

In most of our work, CCfc has been employed to maintain the system
oxygen-free. However, we have not been able to demonstrate any beneficial
effect of CQj on the actual reaction other than to possibly minimize oxidation.
Accordingly, for the Semi-Works study ve have agreed to the use of nitrogen
to inert the system initially. The use of nitrogen in place of CĈ  is more
convenient in the reaction area.

H. R. Raterink S. Vise D. Blcodemus
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